This paper introduces the Atomic
Introduction
In 1981, in the IBM laboratories, the first Scanning Tunnelling Microscope (STM) was built. Later on the invention was awarded the Nobel Prize. Since then, the dynamic development of a new research method -the Scanning Probe Microscopy (SPM) -has been noticed. The Scanning Probe Microscopes have quickly become research tools in advanced laboratories representing various disciplines, e.g. materials engineering, tribology, biology, chemistry, etc. The most essential advantage of the solution is its capability to three-dimensional mapping of the microstructure, surface topography and physical properties (magnetic, adhesive ones) with the atomic resolution.
Nowadays, the family of the Scanning Probe Microscopes (SPMs) comprises, apart from the above-mentioned Scanning Tunnelling Microscope, the following ones: the Atomic Force Microscope (AFM), the Magnetic Force Microscope DOI 10.2478/v10041-008-0010-6 (MFM), the Electric Force Microscope (EFM), the Lateral Force Microscope (LFM), etc. In most of the proposed SPM designs, individual modes of operation perform functions of the above-mentioned types of microscopes.
Research techniques using the short-range interactions microscopy keep developing all the time. Experimental work gives grounds for improving original methodologies that often enable introduction of new morphological parameters which describe properties of the surface layer or the structure, determination of surface periodicity, finding the surface texture degree fractal analysis.
The principle of the AFM operation
This paper has been intended to describe only one mode of operation of the Atomic Force Microscope (AFM), i.e. the contact regime (CR). The most essential components of this microscope include: the measuring probe (with, among other items, a system to monitor deflection of the probe's cantilever, a piezoelectric scanning system, a system of bringing the probe's tip into proximity of the surface under analysis, and a control unit directly interfacing a computer [4] . Fig. 1 shows a block diagram of the AFM. After the probe's tip (Fig. 2) has been brought into proximity of the surface under analysis at a distance of several angstroms, and because of low value of the elastic constant of the probe's cantilever, the cantilever becomes deflected due to interatomic van der Waals forces (F VDW ). When the microscope operates in the CR mode, the probe moves in the plane of scanning XY (Fig. 2) [3] . Contact forces that affect the probe induce cantilever deflections proportional to changes in the surface topography. According to the Hooke's law, this can be described with the following equation [7, 2] :
where: k -the elastic constant for the material of the probe's cantilever, x -deflection of the cantilever.
Deflections of the probe's cantilever due to micro-relief of the specimen surface are recorded with the deflected laser beam falling at a four sectional photodetector. This enables the computer to generate topographical map of the surface under analysis. It should be noted that in the CR mode of operation two more interactions can affect the measuring probe's tip. The first one, and at the same time the one that most frequently occurs while taking measurements in the air environment is the effect of adhesive forces (F adh ) (capillary, electrostatic ones), exerted by -among other things -thin water layer that covers the surface under examination. They result in the so-called 'adhesion' of the probe to the surface under examination. The second interaction is the effect of forces (F c ) exerted by the measuring probe's cantilever itself. Hence, with account taken of the two additional interactions, the balance of forces affecting the probe's tip can be written down in the following form:
The spatial arrangement of points z(x, y) of the area under examination is recorded in the form of the matrix n x m, where n and m are numbers that determine the number of measuring points in two principal directions x and y, whereas z(x, y) is a vertical co-ordinate at a given measuring point against the plane of scanning.
Fractal analysis
More and more often, fractal-analysis methods find their applications in both the surface and the materials engineering. Fractal dimension D and the Hurst coefficient are commonly used morphological parameters that feature both the material's structure and the changes therein imposed by external factors. Application of the fractal analysis in the materials engineering and tribology, even in the materials mechanics becomes a subject of ever growing interest and intensive studies. This has enabled finding solution to the so-called 'problem of the scale'. The 'problem of the scale' means dependence of the statistical parameters that describe the surface topography upon the size of the area under examination.
J. Krim et al(1993) [5] were the first who had applied the fractal analysis to describe the structure examined with the STM method. Over nearly 15 years since then, a good deal of publications on the application of the fractal analysis in the STM/AFM have been delivered, which proves this problem remains topical in many and various fields of science.
Nowadays, there are many and various methods of determining fractal dimensions 2D as well as 3D, among them the following ones [6, 1] :
• the Root Mean Square (RMS) analysis,
• the Fourier analysis-based method,
• the structure function method,
• the box-counting method, and • the autocorrelation methods.
The RMS method
The surface topography can be described with statistical parameters such as: S a , S q (where: S q = RMS), S z . It is generally known that these parameters are subject to the scaling law. Therefore, they remain closely related with the size of the area under examination, especially if consideration is given to the surface condition at the 'nano' and/or 'micro' levels, which is of particular significance to modern high-class control of quality of surfaces of components in optical systems, semi-conductors, ceramics, information/data carriers, etc.
The RMS method consists in plotting the RMS = f(L) function in the logarithmic system of co-ordinates, where L -the size of the area under analysis. Fig. 3 shows a typical dependence of the mean square deviation of roughness against the scanning area. The dependence has been plotted in the logarithmic system of co-ordinates. Two characteristic ranges are easily distinguishable, the first one for L < t c determines the maximum size of the area of the analysed surface, within which the surface shows self-similarity features and can be characterised by means of determining the fractal dimension D and the length of correlation t c . Such being the case, the RMS ~ L H and the exponent of the scale (the Hurst co-efficient -H) is directly related with the fractal dimension D = 2 -H. On the other hand, for areas of the scanning side L > t c the plotted function remains constant; hence, the surface quality can be described with the RMS parameter. Such being the case, i.e. L > t c , we have to deal with the selfaffine surface [6, 1] .
function for the surface that shows self-similarity and is self-affine While carrying out experimental work, one can find two more characteristic patterns of the log(RMS) = f(log(L)) dependence. Both have been shown in Fig. 4 [1] . In the first case, (Fig. 4a) , the surface under analysis is self-similar and can be described with the D parameter, whereas in the second case (Fig.  4b) we have to deal with the surface where colloidal particles are elements of larger clusters. The following definitions can be assumed to satisfy the needs of this paper: Self-similarity -a property of a set of points, which consists in what follows: Any small part of this set is similar at some pre-set scale to a larger part of itself, e.g. a straight line, a plane, and a space are self-similar. Independently of the scale of examining these objects, one can always find structures similar to ones observed at other magnifications.
Self-affinity -a property of a set of points, which consists in the following: a part of a set is not similar to the whole; however, it can be treated as some distortion of the whole, obtained owing to the application of a collineatory transformation. The case can be exemplified with a tree with double branching. The whole tree consists of a trunk and two scaled-down copies of the whole. The smaller and smaller copies are concentrated at leaves. Therefore, the whole tree is not self-similar; however, it is self-affine. It means that the trunk is not similar to the whole; however, it can be treated as an affine image transformed into a line.
Experimental work
Experimental work was conducted using the NT-MDT manufactured AFM (Atomic Force Microscope) of the SMENA-B type. Measurements were taken in the CR mode. Applied was the CSG 11 probe of parameters listed in Table 1 .
The scanning was carried out at 512 x 512 resolution. Examined was crystal structure of thin foil of the Ni-Mn-Ga type Heusler alloy. The foil had been obtained with the melt-spining technique. Statistical parameters were analysed after profile levelling, i.e. after subtracting the average surface [6] . More than ten measurements were taken with the 'up-scaling' procedure engaged, i.e. for any subsequent area of scanning the scanning step was increased.
Tab. 1. The dependence RMS = f(L) plotted in the logarithmic system of co-ordinates (Fig. 5) enabled two things to be found: the fractal dimension D = 1.15, and the correlation length t c = 15 µm. Fig. 6 shows exemplary topographies of surfaces under examination, both from the range of self-similarity (Fig. 6a ) and self-affinity (Fig. 6b) . Experimental work has confirmed fractal properties of thin-foil surface under examination, features of self-similarity within the range up to 15 µm, and self-affinity in the areas exceeding 15 µm.
The Atomic Force Microscopy (AFM) is a promising research method to gain knowledge on morphological properties of the surface layer. 6 . Topography of the surface layer of thin foil of the Ni-Mn-Ga alloy within the scope of (a) self-similarity, and (b) self-affinity
